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(54) Distributor device for multiple-bed downf low reactors 



(57) The present invention provides a distrfcutor 
device for distributing liquid and gas in a multiple-bed 
downf low reactor which comprises 

(i) a substantially horizontal collecting tray provided 
with a central gas passage surrounded by a weir and 
with liquid passages around the weir; 

(ii) a substantially horizontal distribution tray located 
below the collecting tray, which distribution tray is 
provided with a plurality of tubular downcomers tor 
downward flow of liquid and gas: 

(iii) a fluid deflector plate located above the central 
gas passage of the collecting tray; 

(iv) a mixing chamber def ined between the collecting 
tray and the distribution tray; and 

— ^ 



(v) open-ended guide conduits having first ends and 
second ends, wherein the first ends communicate 
with the liquid passages of the collecting tray and 
the second ends open into the mixing chamber, and 
wherein the second ends are so positioned that dur- 
ing normal operation, liquid streams emerging from 
the second ends impinge; a multiple-bed downflow 
reactor including the distributor device; and use of 
the multiple-bed downflow reactor in hydrocarbon 
processing. 
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Description 

The present invention relates to a distributor device 
for multiple-bed downf tow reactors, a multiple-bed down- 
flow reactor including the device and use of the multiple- 
bed downf low reactor in hydrocarbon processing. 

Multiple-bed downf low reactors containing a 
number of superimposed reaction beds are used in the 
chemical and petroleum refining industries for effecting 
various processes such as catalytic dewaxing, hydrot- 
reating and hydrocracking. In these processes a liquid 
phase is typically mixed with a gas phase and the fluids 
passed over a particulate catalyst maintained in the reac- 
tion beds. As the fluids pass concurrently through a reac- 
tion bed, the distribution of liquid and gas across the 
reaction bed will tend to become uneven with adverse 
consequences with regard to the extent of reaction and 
also temperature distribution. In order to achieve a uni- 
form distribution of liquid and gas and of temperature in 
the fluids entering the next lower reaction bed, a fluid dis- 
tributor device, of which there are many different types, 
is usually placed between the reaction beds. 

Such a fluid distributor device is known from Euro- 
pean Patent Specification No. 427 733. This document 
discloses a fluid distributor device for use between the 
reaction beds of a multiple-bed downf low reactor com- 
prising 

(i) a substantially horizontal collecting tray provided 
with gas passages in the form of chimneys extending 
through the tray and with a plurality of liquid pas- 
sages; 

(ii) a substantially horizontal distribution tray located 
below the collecting tray, which distribution tray is 
provided with a plurality of tubular downcomers for 
downward flow of liquid and gas; 

(iii) a fluid deflector plate located above the centre 
of the collecting tray; and 

(iv) a mixing chamber defined between the collecting 
tray and the distribution tray. 

wherein the chimneys are arranged on a circle near the 
perimeter of the collecting tray and the liquid passages 
are located outside the area of the fluid deflector plate. 

The known device furthermore comprises a mixing 
tray arranged above the collecting tray, which mixing tray 
is provided with two spillways for the passage of liquid 
and gas, which open below the mixing tray, and an annu- 
lar receptacle for receiving liquid from the spillways, 
which receptacle has a central cfischarge opening. 

During normal operation liquid and gas flow down- 
wardly through the spillways and through the central dis- 
charge opening of the annular receptacle to the 
collecting tray. The flows are deflected radially outwards 
by the deflector plate, and liquid flows through the liquid 
passages of the collecting tray and is collected on the 
distribution tray whilst gas flows through the chimneys 
into the mixing chamber. Thereafter liquid and gas flow 



concurrently through the downcomers of the distribution 
tray. 

Thus, in the known device, liquid and gas are 
brought into contact with one another in the mixing tray, 

5 then the fluids are passed separately to the distribution 
tray where they are again mixed. The known device pro- 
vides opportunity for gas-gas. liquid-liquid and liquid-gas 
interactions to take place but the opportunity for liquid- 
liquid interactions and thus liquid equilibration is limited. 

io It is an object of the present invention to provide a 
fluid distributor device with means for effecting liquid 
equilibration. 

In accordance with the present invention, there is 
therefore provided a distributor device for distributing liq- 
15 uid and gas in a multiple-bed downf low reactor which 
comprises 

(i) a substantially horizontal collecting tray provided 
with a central gas passage surrounded by a weir and 

20 with liquid passages around the weir; 

(ii) a substantially horizontal distribution tray located 
below the collecting tray, which distrfoution tray is 
provided with a plurality of tubular downcomers for 
downward flow of liquid and gas; 

25 (iii) a fluid deflector plate located above the central 
gas passage of the collecting tray; 

(iv) a mixing chamber defined between the collecting 
tray and the distribution tray; and 

(v) open-ended guide conduits having first ends and 
ao second ends, wherein the first ends communicate 

with the liquid passages of the collecting tray and 
the second ends open into the mixing chamber, and 
wherein the second ends are so positioned that dur- 
ing normal operation, liquid streams emerging from 
35 the second ends impinge. 

Apart from being highly effective in distributing liquid 
and gas in a murtiple-bed downfiow reactor, the distrib- 
utor device of the present invention has the further 
40 advantage of being relatively compact in form resulting 
in a significant reduction in the overall length of the reac- 
tor. 

Also, if provided with means for distributing a quench 
fluid, the distributor device of the present invention can 
45 very effectively be used to achieve cooling of reac- 
tants/joroducts between the reaction beds of a multiple- 
bed downfiow reactor. 

Accordingly, in one embodiment of the invention, the 
distributor device further comprises means for distribut- 
50 ing a quench fluid, the means being located above the 
collecting tray 

Means for distributing a quench fluid are well known 
in the art and are described, for example, in European 
Patent Specification No. 427 733 referred to above (as 
55 an optional feature) and also United States Patent Spec- 
ification Nos. 3 787 189 and 3 855 068. 

United States Patent Specification No. 3 787 189 
describes a fluid distributor device for use between the 
reaction beds of a multiple-bed downfiow reactor com- 
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prising a quench gas distributor located above a series 
of three horizontal baffle plates (upper, intermediate and 
lower baffle plates). The intermediate baffle plate 
extends between the walls of the reactor and has a cir- 
cular central opening. The upper and lower baffle plates 
are of smaller diameter and are positioned vertically 
above and below the circular central opening in the inter- 
mediate baffle plate. 

During normal operation, fluid descending from an 
upper reaction bed is intimately mixed with quench gas 
by means of swirl vanes located between the baffle 
plates. The swirl vanes impart a swirling motion to the 
fluids which can only pass through the central opening 
of the intermediate baffle plate in a downward direction 
to a lower reaction bed. 

In this device, there is mixing of the fluids descend- 
ing from the upper reaction bed with the quench gas 
along the entire length of the flow path from the upper 
reaction bed to the lower reaction bed. 

United States Patent No. 3 855 068 describes a fluid 
distributor device for use between the beds of a multiple- 
bed downflow reactor comprising quench gas means 
located above a downwardly sloping plate provided with 
an aperture. Secured to the underside of the plate below 
the aperture is a U-shaped pipe and downstream of the 
U-shaped pipe is a substantially horizontal collecting tray 
provided with gas passages in the form of upwardly 
extending chimneys and with a plurality of liquid pas- 
sages. 

During normal operation, liquid-gas streams pass 
through the U-shaped pipe and impinge on the underside 
of the plate where they are broken up into liquid and gas 
components. The liquid collects on the collecting tray and 
flows through the liquid passages and gas flows through 
the chimneys of the collecting tray onto a reaction bed 
below. 

In common with the fluid distributor device of Euro- 
pean Patent Specification No. 427 733. the fluid cfistrfo- 
utor devices of the above US patent specifications 
provide little or no opportunity for liquid to equilibrate. 

In the operation of the above prior art devices incor- 
porating quench fluid means, the heat exchange which 
occurs between the cold quench fluid and the hot fluids 
descending from an upper reaction bed is generally une- 
ven so that the fluid mixture entering the lower reaction 
bed exhibits a highly variable temperature profile across 
the reactor. 

By contrast, using the distributor device according 
to the present invention, gas-gas and liquid-liquid inter- 
actions are first effected separately to provide equili- 
brated gas and liquid phases which are individually of 
substantially uniform temperature (and cxjrnposition). 
The temperature of the gas phase will usually be different 
to that of the liquid phase. The equilibrated gas and liquid 
phases are then brought together on the distribution tray 
and intimately mixed to promote gas-liquid interactions. 
In this way. a fluid mixture is produced which, on entering 
the lower reaction bed, shows a substantially uniform 
temperature (and composition) across the reactor. 



The distributor device of the present invention may 
further comprise a substantially horizontal pre-distribu- 
tion tray arranged between the open-ended guide con- 
duits and the distribution tray, which pre-distribution tray 

5 is provided with an overflow weir at its perimeter and a 
plurality of openings near the perimeter. The advantages 
of having a pre-distribution tray are that it enables liquid 
to be spread more evenly over the distribution tray and 
it helps to promote liquid-liquid interactions and thus liq- 

ro uid equilibration. 

The fluid deflector plate is conveniently supported 
above the central gas passage of the collecting tray by 
a support provided with apertures. The apertures may 
be provided with gas swirling means, e.g. in the form of 

is swirl vanes, to promote gas-gas interactions and thus 
gas equilibration. 

In order to promote liquid equilibration, the distribu- 
tor device of the present invention will usually have at 
least four, preferably at least eight open-ended guide 

20 conduits and corresponding liquid passages to provide 
a large multiplicity of impinging liquid streams. Liquid 
equilibration is further promoted if the second ends of 
the guide conduits are arranged to lie within the same 
horizontal plane. 

25 The invention will now be further described by way 
of example with reference to the accompanying drawings 
in which: 

Figure 1 shows schematically a vertical cross-sec- 
30 tion of a portion of a multiple bed downflow reactor 
with a distributor device according to a first embod- 
iment of the invention; and 

Figure 2 shows schematically a vertical cross-sec- 
35 tion of a portion of a multiple bed downflow reactor 
with a distributor device according to a second 
embodiment of the invention which comprises 
means for distributing a quench fluid. 

do In the drawings like integers are denoted by like ref- 
erence numerals. 

Figure 1 shows a cross-sectional view through the 
portion of a multiple bed downflow reactor in the region 
between the beds. The general configuration of the reac- 
45 tor will be conventional and details such as supports for 
the distribution tray are not shown for purposes of clarity. 

In this embodiment, the walls 5 of the reactor 1 and 
the support grid 1 0 support an upper reaction bed 15 of 
solid contact material, e.g. catalyst, in particulate form, 
so over which catalyst reactants flow and are at least par- 
tially converted into product. The support grid 10 is pro- 
vided with passages (not shown) and may be of 
conventional type. Catalyst may be directly arranged on 
the support grid 10 or the catalyst may be arranged on 
55 a layer of support balls (not shown) which permit liquid 
and gas to flow downwardly out of the upper bed 1 5 and 
through the support grid 10, which support balls are 
arranged ofl-the support grid 10. 
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The distributor device comprises a substantially hor- 
izontal collecting tray 20 supported on a ledge 25 which 
is provided with a central gas passage 30 surrounded by 
a weir 35 and with liquid passages 40 around the war 
35; a substantially horizontal distribution tray 45 located s 
below the collecting tray 20, which distribution tray 45 is 
provided with a plurality of tubular downcomers 50 for 
downward flow of liquid and gas; a fluid deflector plate 
55 located above the central gas passage 30 of the col- 
lecting tray 20; a mixing chamber 60 defined between w 
the collecting tray 20 and the distribution tray 45; and 
open-ended guide conduits 65 having first ends 70 and 
second ends 75, wherein the first ends 70 communicate 
with the liquid passages 40 of the collecting tray 20 and 
the second ends 75 open into the mixing chamber 60. 15 
and wherein the second ends 75 are so positioned that, 
during normal operation, liquid streams emerging from 
the second ends 75 impinge. 

The distributor device further comprises a substan- 
tially horizontal pre-distribution tray 80 arranged 20 
between the open-ended guide conduits 65 and the dis- 
tribution tray 45, which pre-distribution tray 80 is provided 
with an overflow weir 85 at its perimeter and a plurality 
of openings 90 near the perimeter. 

During normal operation, liquid descending from the 25 
upper reaction bed 15 collects on the collecting tray 20 
where it accumulates to form a layer of liquid that covers 
the liquid passages 40 so that flow of gas through them 
is precluded. The flow of gas into a lower portion of the 
reactor 1 is provided by apertures 95 in side walls 100 30 
supporting the fluid deflector plate 55. Gas descerxfing 
from the upper reaction bed 15 is deflected off the fluid 
deflector plate 55 and flows first radially outwards and 
then radially inwards towards the apertures 95, the flow 
path taken being similar to that of a "IT turned on its side. 35 
On entering the apertures 95, gas swirling means 105 
arranged in the apertures 95 impart a swirling motion to 
the gas which is only able to move downwardly through 
the central gas passage 30 into the mixing chamber 60 
below. The swirling motion of the gas promotes gas-gas *c 
interactions and thus equilibration of the gas phase. 

The liquid on the collecting tray 20 passes through 
the liquid passages 40 and into and through the guide 
conduits 65. For the purposes of clarity only two open- 
ended guide conduits 65 and corresponding liquid pas- 45 
sages 40 are shown in Figure 1 . Trie second ends 75 of 
the guide conduits 65 are so positioned that, during nor- 
mal operation, liquid streams emerging from the second 
ends 75 impinge. In this way, liquid-liquid interactions are 
effected and liquid phase equilibration is facilitated so 

Liquid from the guide conduits 65 accumulates on 
the pre-distribution tray 80 where it passes downwardly 
to the distribution tray 45 beneath through the openings 
90 or, sometimes, by breaching the overflow weir 85. The 
vertical distance (A) between the collecting tray 20 and ss 
the pre-distribution tray 80. and the vertical distance (B) 
between the pre-distribution tray 80 and the distribution 
tray 45 are preferably related such that A/B is in the range 



from 1 to 3. Gas is deflected by the pre-distribution tray 
80 and flows to the distribution tray 45. 

The distribution tray 45 serves two purposes. Firstly, 
it evenly distributes liquid and gas before the fluids enter 
a lower reaction bed 1 1 5 and. secondly, it allows contact 
between liquid and gas to provide liquid-gas interaction. 

The distribution tray 45 comprises a substantially 
horizontal plate 1 1 0 with a large number of tubular down- 
comers 50 to provide many points of distribution of liquid 
and gas over the lower reaction bed 115. Each down- 
comer 50 comprises an upstanding (substantially verti- 
cal), open-ended tube which extends through an 
opening (not shown) in the plate 1 10. Each tube has an 
aperture 120 (or apertures) in its side for entry of liquid 
into the tube which is positioned below the top of the pool 
of liquid which forms on plate 1 10 during normal opera- 
tion. The total number and size of the apertures 120 will 
be selected according to the desired flow rate. Gas 
enters the top of the downcomer 50 and passes through 
it down to the lower reaction bed 1 15 ft is in the down- 
comers 50 that intimate mixing between gas and liquid 
phases occurs. 

Ftgure 2 is similar to Figure 1 except that the distrib- 
utor device further comprises means for distributing a 
quench fluid comprising a quench ring 1 25 provided with 
openings 130. The quench ring 125 is located between 
the support grid 10 and the collecting tray 20. 

During normal operation, quench fluid is emitted into 
the reactor through openings 1 30 of the quench ring 1 25 
where it comes into contact with liquid and gas descend- 
ing from the upper reaction bed 1 5. The quench fluid may 
be a reactant (e.g. hydrogen gas in a hydrotr eating or 
hydrocracking process), a product of the process or an 
inert material. 

The present invention further provides a multiple- 
bed downflow reactor comprising vertically spaced beds 
of solid contact material, e.g. a catalyst and a distributor 
device according to the invention positioned between 
adjacent beds. 

The present invention still further provides the use 
of a multiple-bed downflow reactor as defined above in 
hydrocarbon processing, particularly in hydrotreating 
and hydrocracking processes. 

A distributor device according to the present inven- 
tion comprising means for distributing a quench fluid was 
installed and operated for a period of one year in a mul- 
tiple-bed downflow reactor used in a catalytic hydrotreat- 
ing process. At the end of this period, it was found that, 
compared to the operation of the same reactor with a 
conventional distributor device under similar conditions, 
significantly less catalyst deactivation had occurred, 
thereby making it possible for the reactor to continue in 
operation for a much longer period of time, with conse- 
quential efficiency and economic benefits. This finding 
clearly demonstrates the effectiveness of the distributor 
device of the present invention in controlling the forma- 
tion of "hotspots" in the reactor (which are the result of 
an uneven temperature distrfoution across the reactor) 
that are a major cause of catalyst deactivation. 
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Claims 

1 . A distributor device for distributing liquid and gas in 
a multiple-bed downflow reactor which comprises 

(i) a substantially horizontal collecting tray pro- 
vided with a central gas passage surrounded by 
a weir and with liquid passages around the weir; 

(ii) a substantially horizontal distribution tray 
located below the collecting tray, which distribu- 
tion tray is provided with a plurality of tubular 
downcomers for downward flow of liquid and 
gas; 

(iii) a fluid deflector plate located above the cen- 
tral gas passage of the collecting tray; 

(iv) a mixing chamber defined between the col- 
lecting tray and the distribution tray; and 

(v) open-ended guide conduits having first ends 
and second ends, wherein the first ends com- 
municate with the liquid passages of the collect- 
ing tray and the second ends open into the 
mixing chamber, and wherein the second ends 
are so positioned that, during normal operation, 
liquid streams emerging from the second ends 
impinge. 

2. Distributor device according to claim 1 , which further 
comprises means for distributing a quench f bjid, the 
means being located above the collecting tray 

3. Distributor device according to claim 1 or claim 2, 
which further comprises a substantially horizontal 
pre-distribution tray arranged between the open- 
ended guide conduits and the distribution tray, which 
pre-distribution tray is provided with an overt low weir 
at its perimeter and a plurality of openings near the 
perimeter. 

4. Distributor device according to any one of claims 1 
to 3. wherein the fluid deflector plate is supported by 
a support provided with apertures. 

5. Distributor device according to claim 4, wherein the 
apertures are provided with gas swirling means. 

6. Distributor device according to any one of the pre- 
ceding claims, comprising at least eight open-ended 
guide conduits and corresponding liquid passages. 

7. Distributor device according to any one of the pre- 
ceding claims, wherein the second ends of the open- 
ended guide conduits are arranged to lie within the 
same horizontal plane. 

8. Distributor device according to any one of the pre- 
ceding claims, wherein each downcomer comprises 
an upstanding, open-ended tube having an aperture 
in its side for entry of liquid into the tube 



9. A multiple-bed downflow reactor comprising verti- 
cally spaced beds of solid contact material and a dis- 
tributor device positioned between adjacent beds, 
wherein the distributor device is as defined in any 

5 one of the prececSng claims. 

10. Use of a multiple-bed downflow reactor as defined 
in claim 9 in hydrocarbon processing. 
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